many different miRNAs can bind to and cooperatively control a single mRNA target (Lewis et al., 2003) .
Since 2002, when the discovery of the first miRNA in plants was reported (Reinhart et al., 2002) , enormous numbers of miRNAs have been identified in plants through computational and experimental approaches (Zhang et al., 2006) . Due to evolutionary convergence among the families of miRNAs in plants and animals (Bartel, 2004) , these are valid sources to identify profiles as well as structurally and functionally analyze them through bioinformatics and experimental approaches in diverse species (Zhang et al., 2006; Din and Barozai, 2014a) . Many groups of researchers, using comparative genomic approaches due to the conserved nature of miRNAs, have identified an abundant number of potential miRNAs in various species of plants, including Panicum virgatum (Xie et al., 2010) ; Gossypium species (Barozai et al., 2008) ; Arabidopsis thaliana, Oryza sativa, and Populus trichocarpa (Griffiths-Jones, 2004) ; Brassica (Wang et al., 2012) ; Euphorbiaceae (Zeng et al., 2009) ; Phaseolus (Barozai et al., 2013a) ; 71 different plant species (Zhang et al., 2006) ; Nicotiana tabacum (Frazier et al., 2010) ; and Solanum melongena (Din and Barozai, 2014b) . This catalog of reported miRNAs suggests that comparative genomic strategies are highly efficient, convenient, valid, and powerful tools to predict further potential miRNAs in other species (Baloch and Din, 2014) .
Presently, limited data are available regarding miRNAs in potato, despite its agricultural and economic importance (Griffiths-Jones, 2004; Guo et al., 2007) . Recently, Zhang et al. (2013) and Lakhotia et al. (2014) reported 28 and 33 miRNA families in potato, respectively. Consequently, this limited information on conserved miRNAs in potato is insufficient considering its overwhelming mass production and nutritional requirements. Therefore, a comprehensive comparative genomics search methodology using all known mature and pre-miRNAs of plants was employed to find 120 new conserved miRNAs from 249,761 potato expressed sequence tags (ESTs) that belonged to 110 families of miRNAs. These new miRNAs were further profiled for structural and functional characterization. In this study, we have also predicted 433 putative protein targets for the 110 miRNA families in potato.
Materials and methods

Reference miRNAs
A methodology described by Zhang et al. (2006) with a few modifications by Barozai et al. (2008) was applied to explore the potential miRNAs from potato ESTs. A total of 3533 known mature plant pre-miRNA sequences were downloaded as reference miRNAs from the microRNA registry database Rfam Release 20 (Griffiths-Jones, 2004) and subjected to the basic local alignment search tool (BLAST) for alignment with 249,761 publicly available potato (Solanum tuberosum) ESTs from a database of ESTs (dbEST, release 130101; http://blast.ncbi.nlm.nih. gov/Blast.cgi), using the BLASTn program (Altschul et al., 1990) . Repeated ESTs from the same gene were eliminated and a single tone EST per miRNA was produced using the BLASTn program against the potato (Solanum tuberosum) EST database with default parameters. Potato (S. tuberosum L.) ESTs with 0-4 mismatches with the mature reference miRNA sequences were saved as initial candidate miRNAs.
Confirmation of potato miRNAs as nonprotein sequences
The miRNA validation as nonprotein-encoding sequences is a crucial criterion for homology-based searches of new miRNAs. The pre-miRNAs sequences, identified by mature miRNAs, were subjected to a protein homology search. The predicted pre-miRNA sequences, in FASTA format, were subjected to BLAST against the NCBI protein database using BLASTx with default parameters (Stephen et al., 1997) .
Generation of stem-loop structures
The initial potential candidate potato miRNA sequences, confirmed as nonprotein-coding with 0-4 mismatches with the reference miRNAs and representing a single tone gene, were stimulated to generate hairpin secondary structures. For this purpose, the publicly available Zuker folding algorithm (http://www.bioinfo.rpi.edu/ applications/mfold/rna/form1.cgi) known as Mfold (version 3.6) (Zuker, 2003) was applied to predict the secondary structures. The Mfold parameters were adjusted as per published approaches by various researchers for the identification of miRNAs in many plant and animal species (Bai et al., 2012) . For physical scrutinizing, selffolded stem-loop structures with minimum free energy (MFE) of no greater than -18 kcal/mol or lower than or equal to the MFE of the reference miRNAs were preferred. The threshold values from Ambros et al. (2003) were applied as a reference to finalize the potential miRNAs. The stem regions of the stem-loop structures were checked and confirmed for mature sequences either at least 16 in number or equal to the reference miRNAs' base pairing involved in Watson-Crick or G/U base pairing between the mature miRNA and the opposite strand (miRNA*).
Experimental validation by reverse transcription polymerase chain reaction
Ten of the newly discovered miRNAs were randomly selected to be validated by reverse-transcription polymerase chain reaction (RT-PCR). The primers were designed using the Primer3 algorithm for the stem-loop sequences of these selected miRNAs from their ESTs (Table 1) . Total RNA from the leaves was extracted using an RNeasy Plant Mini Kit (QIAGEN) according to the manufacturer's protocol. cDNA was constructed using the RevertAid H Minus First Strand cDNA Synthesis Kit (Fermentas), as per the supplier's protocol. A template of 120 ng of cDNA was used in the following PCR program: initial denaturation at 94 °C for 5 min followed by 35 cycles of denaturation at 94 °C for 35 s, annealing at 59 °C for 30 s, and extension at 72 °C for 35 s, and a final elongation step at 72 °C for 8 min. The PCR products were separated through 2% (w/v) agarose gel.
Identification of miRNA targets
In the current study, dual approaches were used to predict the potential targets for potato miRNAs. In the first approach, the newly identified potato miRNAs were subjected to a plant miRNA target prediction tool called psRNATarget (http://bioinfo3.noble.org/psRNATarget), using default parameters (Dai and Zhao, 2011) . The potato miRNAs that did not produce potential targets through psRNATarget were subjected to a secondary approach as described by Barozai (2013) . In this approach, the mature miRNA sequences were submitted as queries to the NCBI BLASTn program. The parameters were: database: reference mRNA sequences (refseq_rna); organism: Solanum tuberosum (taxid: 4113); and program selection: highly similar sequences (megablast). The mRNA sequences showing ≥75% query coverage were selected and further subjected to RNAhybrid, which is a miRNA target prediction tool (Kruger and Rehmsmeier, 2006) . Only those targets with confirmed stringent seed sites located at either positions 2-7 or 8-13 from the 5' end of the miRNAs along with the supplementary site and having MFE of no greater than -20 kcal/mol were selected. For more stringency, these targets were subjected to the NTNU microRNA target prediction tool (http:// tare.medisin.ntnu.no/mirna_target/search#results) to confirm the RNAhybrid results. Gene Ontology analysis for the predicted putative targets of potato miRNAs was conducted on the AmiGO website. 2.6. Abbreviations ath: Arabidopsis thaliana, bdi: Brachypodium distachyon, BLAST: Basic Local Alignment Search Tool, bra: Brassica rapa, csi: Citrus sinensis, dbEST: database of ESTs, DCL1: Dicer-like enzyme 1, ESTs: expressed sequence tags, gma: Glycine max, mdm: Malus domestica, MFE: minimum free energy, miR: mature miRNA, MIR: microRNA gene, miRNA: microRNA, miRNA*: opposite strand of miRNA, 
Results and discussion
New conserved potential potato miRNAs
A comparative genomic approach along with computational and bioinformatic tools produced a total of 120 new conserved miRNAs from the analysis of 249,761 potato ESTs (Table 2 ). These 120 newly identified premiRNAs were also confirmed for stem-loop secondary structures by Mfold (version 3.6) (Zuker 2003) . These 120 potential potato miRNAs belong to 110 families, namely stu-miR 473, 475, 535 (a, b), 1320, 1446, 1450, 1510, 1870, 1873, 1879, 1888, 1918 (a, b), 2090, 2586, 2597, 2608, 2616, 2668, 2673, 2678, 2868, 2869, 2939, 3623, 3640, 3948, 3951, 3954, 4351, 4993, 4995, 5012, 5019, 5032, 5035, 5038, 5039, 5040, 5069, 5150, 5171, 5176, 5179, 5183, 5205 (a, b) , 5208, 5210, 5219, 5222, 5223, 5226, 5227, 5234, 5237, 5240, 5254, 5261, 5265 (a, b), 5269, 5288, 5301, 5337, 5338, 5368, 5492, 5536, 5538, 5630, 5643, 5649, 5657 (a, b) , 5721, 5722, 5747, 5748, 5749, 5754, 5818, 5819, 6019, 6021 (a ,b) , 6144, 6145, 6148, 6154, 6156, 6164 (a, b, c), 6252, 6270, 6278, 6284, 6287, 6426, 6438, 6439, 6440, 6461, 6468, 6476, 7749, 7777, 7785, 7816, 7822, 7825, 7826, 7828, 7830, 7835, and 8123 (a, b) . A maximum of 3 members were found in the stu-miR6164 family; the stu-miR535, 1918, 5205, 5265, 5657, 6021 , and 8123 families had 2 members; and the remaining families had only 1 member. On the basis of current available miRNAs reports, all these predicted miRNAs were profiled for the first time in potato. All 120 of these miRNAs were considered as valid candidates after applying the stringent miRNA criteria of Ambros et al. (2003) . The potential miRNAs were justified by criteria B, C, and D. According to Ambros et al. (2003) , only criterion D is sufficient for homologous sequences to be confirmed as potential miRNAs in other species. The present study is in agreement with the prior studies (Frazier et al., 2010; Xie et al., 2010; Barozai et al., 2012b Barozai et al., , 2014 . The combination of homology-based investigation and comparative genomics has produced novel and interesting results in plant genomics. Similar approaches were used by many groups of researchers to report novel miRNAs in plants (Frazier et al., 2010; Xie et al., 2010; Barozai et al., 2013a Barozai et al., , 2013b .
Characterization of newly identified potato miRNAs
Characterizing the newly identified candidate miRNAs is a conventional step for their validation, as described previously (Frazier et al., 2010; Xie et al., 2010; Wang et al., 2012) , and MFE is the first significant term of characterization. The pre-miRNAs had MFEs ranging from -8 to -224 kcal/mol with an average of -31 kcal/mol. Profound numbers of newly identified pre-miRNAs (53, or 44%) had MFEs within a range of -8 to -21, followed by -22 to -41 (37, or 31%) and -42 to -224 (31, or 26%). The pre-miRNA lengths of these potato miRNAs ranged from 42 to 488 nt with an average of 132 nt; mature miRNA sequences ranged from 18 to 26 nt with an average of 21 nt. The majority (61 out of 120) of the miRNAs were 21 nt in length, followed by 22 nt (15%), 20 nt (10%), 24 nt (7%), 23 (6%), 19 nt (2%), 25 nt (2%), 26 nt (1%), and 18 nt (1%), respectively. These results of potato premiRNAs and mature sequences are in agreement with earlier available data in other plant species (Frazier et al., 2010; Xie et al., 2010; Ji et al., 2012; Barozai et al., 2013a Barozai et al., , 2013b . The mature miRNA sequences were found in the form of duplexes in the stem region of pre-miRNA secondary structures, as shown in Figure 1 . Similar results were reported by many researchers for various plant and animal species (Frazier et al., 2010; Xie et al., 2010; Chen et al., 2012; Wang et al., 2012) . In potato, newly identified conserved mature miRNA sequences showed differences of 4 nt (36%), 3 nt (37%), 2 nt (21%), 1 nt (4%), and 0 (3%); these match perfectly with the corresponding homologous source miRNAs. These values are in agreement with the formerly published values in different plants, where the mature sequences have a difference of 0-4 nucleotides (Wang et al., 2012; Barozai et al., 2013a; Ghani et al., 2013) . For the newly reported potato miRNAs, the average GC content was 41%, within a range of 10% to 80%. Fifty-eight out of 120 potato miRNAs sequences were found at the 5' arm, while the remaining 62 were at the 3' arm, as shown in Figure 1 . The secondary stem-loop/hairpin structures of the pre-miRNAs had at least 16 nucleotides engaged in Watson-Crick or G/U base pairing between the mature miRNA and the opposite arms (miRNAs*) in the stem region. A few source miRNAs had less base pairing; these precursors did not contain large internal loops or bulges. The relationship between newly discovered miRNAs and known proteins was an important criterion to validate the miRNAs as strong candidates. The pre-miRNAs were compared against the NCBI protein database using the BLASTx algorithm. No homology with known proteins was found. These results confirmed that our identified pre-miRNAs were strong potential miRNA candidates in potato. Similar results were observed in various publications by many researchers (Frazier et al., 2010; Ji et al., 2012) . The predicted novel potato miRNAs were also characterized by their organ expression. The majority of the newly discovered miRNAs were expressed in tubers (41 out of 120 (34%)), followed by roots and mixed tissues Table 2 . Characterization of the newly explored potato miRNAs. PL = Precursor miRNA length, MFE = minimum free energy, MS = mature sequence, NM = number of mismatches (represented in red), ML = mature sequence length, MSA = mature sequence arm, SE = source EST, GC% = GC percentage, SL = strand location, OE = organ of expression. (17 (14% each)); stolon (9 (7%)); leaves, leaf callus, and root (8 (6.6% each)); floral buds (5 (4%)); petioles and stem buds (2 (2% each)); and leaves, petioles, whole plant, and stolon tuber (1 (1% each)). These findings are similar to those of other reports (Zhang et al., 2013; Lakhotia et al., 2014) and suggest an organ-dependent expression pattern. The organspecific miRNA expression could be utilized to manage organogenesis in potato. Due to availability of genome and mRNA sequences, genome-wide searches for sense-antisense transcripts have been reported (Orlov et al., 2012) . In the same study, 65 (54%) of the 120 novel miRNAs were found on antisense and 55 (46%) on sense strands of the transcripts. RT-PCR experimental validation was also performed for the newly discovered miRNAs. Ten randomly selected miRNAs were subjected to RT-PCR validation studies: stu-miR2869, stu-miR5538, stu-miR475, stu-miR1870, stu-miR1873, stumiR2608, stu-miR4993, stu-miR1918b, stu-miR5040, and stu-miR4995. All 10 miRNAs were validated (Figure 2 ). This experimental confirmation strengthens the expressed nature for bioinformatically explored potato miRNAs. The novel miRNAs were characterized in terms of source miRNAs, pre-miRNA length, MFE, mature miRNA sequence, number of nucleotide mismatches, mature sequence length, source EST, mature sequence arm, GC%, strand location, and organ of expression (Table 2) . 3.3. Sense/antisense miRNA genes in potato In both vertebrates and invertebrates, including humans and fruit flies, another class of miRNA, known as sense/antisense miRNA, was identified for the first time in 2008 by Stark et al. In this class, miRNAs are transcribed and processed from both sense and antisense transcripts derived from the same genomic loci. In this study, we found miRNA miR8123 with both an antisense (miR8123a) and sense (miR8123b) strand in potato (Figure 3 ). This result is in agreement with Zhang et al. (2008) . Since the mature and precursor sequences of sense/antisense miRNAs are different, it was proposed that they might have different targets or implement their functions through different mechanisms in plants (Zhang et al., 2008) .
Potato miRNAs
Cluster miRNAs gene in potato
In animals, a large number of miRNAs have been found in clusters and have been predicted to have similar expression profiles and functions (Yu et al., 2006) . miRNA clusters have rarely been detected in plants; they were first reported by Jones-Rhoades and Bartel (2004) . In this study, we also identified 1 pre-miRNA cluster in potato including 2 mature miRNAs (miR6164b and miR6164c) within the same pre-miRNA sequence with a distance of 137 nt separating them (Figure 4 ). On the basis of current The potato miRNAs (1: stu-miR2869, 2: stu-miR5538, 3: stu-miR475, 4: stu-miR1870, 5: stu-miR1873, 6: stu-miR2608, 7: stu-miR4993, 8: stu-miR1918b, 9: stu-miR5040, 10: stumiR4995) were selected and subjected to experimental validation by RT-PCR. The product of each sample was separated on a 2% (w/v) agarose gel. . Potato pre-miRNA cluster. The potato miRNA (stumiR6164) was found as a pre-miRNA cluster with 2 mature miRNAs (miR6164b and miR6164c). The pre-miRNA cluster secondary structure was created by Mfold (version 3.6), showing mature sequences in green within the same pre-miRNA sequence with a distance of 137 nt apart from each other. available literature, this miRNA family (miR6164) was found for the first time in potato as a cluster.
Convergence and phylogenetic studies
The newly identified potato miRNA stu-miR535 was further considered for convergence and phylogeny analyses due to its conserved nature. The alignment and cladogram tree of stu-miR535 was created using the neighbor-joining clustering method with Malus domestica (mdm), Theobroma cacao (tcc), Citrus sinensis (csi), Ricinus communis (rco), and Manihot esculenta (mes) by the publicly available ClustalW, a multiple sequence alignment tool (Larkin et al., 2007) , and Web-Logo, a sequence logo generator (Crooks et al., 2004) . stu-miR535 was observed in convergence with Malus domestica, Theobroma cacao, Citrus sinensis, Ricinus communis, and Manihot esculenta, as shown in Figure 5 . The phylogenetic cladogram ( Figure  6 ) clearly shows that on the basis of sharing a more recent common ancestor the potato miRNA is more closely related to Theobroma cacao than Malus domestica, Citrus sinensis, Ricinus communis, or Manihot esculenta. The same result for the conserved nature of miRNA among its homologs was also reported by Zhang et al. (2009) in plants.
Targeted genes of new potato miRNAs
Target prediction is the crucial criterion for the screening of newly discovered miRNAs. In this study, we retrieved a total of 433 novel potential proteins for the 120 newly discovered potential candidate miRNAs in potato. This also strengthens the philosophy that a single miRNA can bind to and regulate many different mRNA targets and that, on the contrary, several different miRNAs can bind to and cooperatively control a single mRNA target (Lewis et al., 2003) . The predicted genes were categorized as: metabolism (34%), transcription factors (23%), hypothetical proteins (9%), transporter (8%), signal transduction (7%), disease-related (6%), structural protein (6%), stress-related (6%), and growth and development (2%) (see Supplementary Table, online only). Such protein targets were also found in previous studies (Frazier et al., 2010; Xie et al., 2010; Bai et al., 2012) .
Out of 433 of the novel miRNAs, 147 were observed to regulate metabolic proteins, such as carotenoid cleavage dioxygenase (CCD), dihydrodipicolinate reductase, fructose-bisphosphate aldolase, glycosyl transferase family 48, peptidyl-prolyl cis-trans isomerase, and UDPglucuronic acid decarboxylase (Supplementary Table) . Metabolism-related genes targeted by miRNAs were also found in prior publications in plants and animals (Barozai, 2012; Ji et al., 2012) .
Plant carotenoids act as precursors to C13-norisoprenoids, a set of apocarotenoid complexes with different biological activities. Enzymatic processing of carotenoids catalyzed by members of the CCD family has been observed to generate a number of industrially significant volatile flavor and aroma apocarotenoids (Auldridge et al., 2006) . This means that by regulating the members of the CCD family, one can manage the carotenoid-derived flavor and aroma profile in both fruits and flowers. In our exploration, the potato miRNA family miR5219 putatively targeted the CCD gene. Fructose 1,6-bisphosphate aldolase (FBA) is another significant enzyme of glycolysis and gluconeogenesis in plants. Recently, Lu et al. (2012) found a responsive expression behavior for FBA in Arabidopsis thaliana under salt, drought, abnormal temperature, and abscisic acid (ABA), suggesting a protective role for it. In this study, FBA was predicted as a putative target for stu-miR6164. By managing the expression of FBA using stu-miR6164, one can not only fine-tune the glycolysis and gluconeogenesis for better yields, but can also manage the plant under different stresses. In addition, 98 of the novel miRNAs were involved in targeting transcription factors, such as MYB transcription factor, BZIP transcription factor bZIP21, homeoboxleucine zipper protein, translation initiation factor 6-2, transcription factor BIM2, heat stress transcription factor HSFA9, and homeobox protein Nkx-6.1, which are targeted by stu-miR5254, stu-miR1450, stu-miR1879, stu-miR2673, and stu-miR5819, respectively. This class of protein has been considered as a miRNA target in various studies in different plant species (Zeng et al., 2009; Frazier et al., 2010; Xie et al., 2010; Barozai et al., 2012) .
The transcription factor MYB has an important regulatory role in many developmental and physiological mechanisms in plants by regulating the transcription pathway. This suggests that MYB will be an important family of transcription factors to use for inducing desirable traits in potato. Another family of transcription factors, zinc finger, is thought to be involved in many biotic and abiotic stresses, as it is the responding gene to help the plant cope under assorted stresses (Kodaira et al., 2011) . The C2H2-type of zinc finger was found to be involved in potato responses to salt and dehydration stresses through an ABA-dependent pathway (Tian et al., 2010) . In the same study, 6 newly identified potato miRNA families, miR3951, 5240, 5649, 6284, 6468, and 7830, were found to target the zinc finger transcription factor family. These miRNA families will be an important resource for regulating the zinc finger family proteins for the fine-tuning of potato under various biotic and abiotic stresses.
Thirty-nine of 433 novel miRNAs of potato were found to target hypothetical proteins. Such findings were also published earlier (Wang et al., 2012) . Similarly, 34 of the 433 genes targeted by potato miRNAs are engaged in transport pathway (Supplementary Table) . Some examples of the transporter proteins targeted by newly profiled potato miRNAs are sucrose transporter-like protein, ABC transporter A, potassium channel NKT2, ammonium transporter 1 member 3, glucose/galactose transporter, amino acid transporter, and the drug/metabolite exporter family. Such findings are in agreement with the other works in the miRNA field (Ji et al., 2012; Wang et al., 2012) . The ABC transporters are significant regulators of plants under biotic and abiotic stresses. The ABC transporters are also thought to shuttle xenobiotic molecules across the cell membrane and cytosol to vacuole, thus playing a vital role in detoxification processes (Kretzschmar et al., 2011) . Here the stu-miR1446, stu-miR2090, stu-miR3951, stumiR5150, stu-miR5205, stu-miR5449, and stu-miR6438 miRNAs were also newly explored to target the ABC transporter. By using these miRNAs, potato tolerance for biotic, abiotic, and xenobiotic stresses can be enhanced.
Twenty-eight of the miRNAs targeted were involved in disease-related proteins, such as late blight resistance protein R3a, TIR-NBS-LRR type disease resistance protein, bacterial spot disease resistance protein 4, enhanced disease susceptibility 1 protein, and disease resistance protein RPP13 (Supplementary Table) .
The main destructive disease of potato is late blight, which can cause losses of 16% in total yield. Late blight is caused by Phytophthora infestans, which can infect the whole plant, as well as stems, leaves, and tubers (Fry, 2008) . The plants have 2 main families of diseaseresistance proteins, sharing the Toll/interleukin-1 receptor domain in common. A nucleotide-binding site and a variable number of C-terminal LRRs are encoded by a huge number of disease-resistance genes (R-genes). The plant's first layer of immune system has the ability to identify plant pathogens by interaction of the R-genes with virulence effecters released by pathogens (Fry, 2008) . The recognition of a virulence factor from pathogens by the related R proteins initiates a series of reactions that stimulate the levels of salicylic acid, jasmonic acid, phenyl ammonium lyase, and systemin. The production of these biochemical signals is known to induce many common R-gene signaling cascades, causing cell apoptosis and modification in gene expression patterns (Vlot et al., 2008) . The tu-miR1450, 1510 The tu-miR1450, , 2597 The tu-miR1450, , 2678 , and 6019 miRNAs were found to target these disease- Figure 6 . Potato miRNA phylogenetic study. The phylogenetic study of the potato miRNA stu-miR535 with Malus domestica (mdm), Theobroma cacao (tcc), Citrus sinensis (csi), Ricinus communis (rco), and Manihot esculenta (mes) was done with the help of ClustalW and a cladogram tree was generated using the neighbor-joining method. The phylogenetic tree showed that, on the basis of sharing a more recent common ancestor, the potato miRNA is more closely related to T. cacao than to M. domestica, C. sinensis, R. communis, or M. esculenta. related proteins. With the help of these potato miRNAs, one can better manage the plant against late blight and other disease-causing pathogens.
Structural proteins like flotillin-like protein 2, ribosomal protein L11-like protein, hydroxyproline-rich cell wall protein, and 60S acidic ribosomal protein P2 were also explored as putative targets regulated by the novel identified miRNAs (Supplementary Table) . The plant flotillin-like proteins have a key role in establishing the symbiotic relationship between plants and bacteria. Haney and Long (2010) used artificial miRNAs to elucidate the role of the flotillin-like gene family in symbiotic interactions in Medicago truncatula. stu-miR1446 was found to target this important symbiotic relationship creator protein. By utilizing this information, one can further elucidate the role of miRNAs in plant symbiotic relationships.
Some potato miRNAs were discovered to target the protein functioning in the process of cell signaling pathways. Some of these are serine/threonine kinaselike protein, DELLA protein RGL1, receptor-like protein kinase, cyclic nucleotide-gated channel beta, and receptor protein kinase. Similar findings were observed by many researchers in various organisms (Chen et al., 2012; Ji et al., 2012 ). This will help us to regulate cell signaling via miRNAs in plants.
The newly discovered miRNAs were also engaged in the targeting of growth-and development-related proteins, such as auxin-induced protein X10A, gibberellinregulated protein, aux/IAA protein-like, and fruit-ripening protein-like (Supplementary Table) . Such proteins, which play a function in growth and development, are already recognized in a large number of plant species (Zeng et al., 2009; Barozai et al., 2013a) .
In the same study, conserved novel potato miRNAs were also observed to target the stress-related proteins. One such important protein group is heat shock proteins (HSPs), which are targeted by stu-miR1320 and 5035. The fine-tuning of HSPs via plant miRNAs can enhance plant tolerance for cold, heat, salt, and drought stresses (Mahmood-ur-Rahman et al., 2013) . This finding is in agreement with many other studies (Gao et al., 2011; Bai et al., 2012; Chen et al., 2012) .
Conclusion
In the current study, a total of 120 miRNAs belonging to 110 miRNA families and their 433 targeted genes were identified and functionally analyzed in potato, an economically important solanaceous plant species. All of these miRNAs have been reported here for the first time. These results will serve as reference data to elucidate the regulation, management, and modification of this economically important crop plant at the micromolecular level. This will help us to improve potato production and biotic and abiotic stress tolerance in the near future. Furthermore, these miRNAs and their targets are also powerful functional genomic resources in the plant kingdom. 
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